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(57) ABSTRACT 

A process is disclosed for generating at least one partially 
double-stranded target nucleic acid, Which contains at least 
one single-stranded region at a terminal end. The process 
comprises the steps of (a) providing at least one prirner, P1, 
containing at least one labile nucleotide; (b) combining at 
least one target nucleic acid sequence With P1 to generate a 
double-stranded polynucleotide containing at least one 
labile nucleotide; (c) exposing the double-stranded poly 
nucleotide to conditions that promote single-strand cleavage 
of the polynucleotide at the site of the at least one labile 
nucleotide of primer P1; and (d) exposing the cleaved 
polynucleotide to conditions that promote the dissociation of 
the cleaved portions of primer P1 from a terminal end. The 
labile nucleotide may be dUTP, Wherein the single-stranded 
cleavage of the polynucleotide at the site of the labile 
nucleotide occurs by treatment With uracil N-glycosylase. 
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Figure 7. Sizing Gel for Multiplex RT-PCR products 
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PARTIALLY DOUBLE-STRANDED NUCLEIC 
ACIDS, METHODS OF MAKING, AND USE 

THEREOF 

FIELD OF THE INVENTION 

[0001] The present invention provides methods for gen 
erating partially double-stranded nucleic acid molecules that 
contain at least one terminal single-stranded region available 
for binding to a complementary nucleic acid. Such mol 
ecules are useful for a Wide variety of applications, including 
gene expression analysis, and are particularly useful as 
targets in DNA microarray analysis and related studies. 
Because these molecules may be generated Without perform 
ing a strand separation step, they provide a substantial 
advantage over traditionally ampli?ed target molecules. In 
combination With a bipartite primer sequence, the present 
method provides a universal DNA array index system that 
can detect or determine the amount of any polynucleotide 
target. 

BACKGROUND OF THE INVENTION 

[0002] Tens of thousands of genes, and potential genes, 
have been identi?ed in the human genome alone. Many 
times that number are knoWn and suspected in medically and 
economically critical organisms ranging from viruses, bac 
teria, and fungi to crop and forestry plants. Irrespective of 
the organism, a complex Web of signals directs each gene to 
remain quiescent, or to initiate some level of activity. 
Activity, or “gene expression,” is characterized by the 
production of a single-strand molecule of RNA. Many of 
these nucleic acids are subsequently processed into messen 
ger RNA (mRNA), intermediate molecules Which are trans 
lated into the proteins encoded by their respective genes. 
Consequently, an assessment of the level of an mRNA or 
equivalent transcript in a virus or non-eukaryotic organism 
provides insight into expression of both the gene and its 
encoded protein. 

[0003] Such analyses provide poWerful insights into the 
cellular processes that occur in normal and disease states. 
For example, the expression pro?le of one or more genes in 
normal cells can be compared to that of cancerous, infected, 
or otherWise diseased cells to provide information regarding 
the identity of genes affected in the disease state. This 
information can provide insights that are useful in develop 
ing treatments for the disease, or in understanding the 
pathology of the disease. For example, the increased expres 
sion of a gene in tumor cells may point to an underlying 
cause for the malignancy, Whereas increased expression of a 
gene in response to infection may be indicative of its role in 
combating that disease. 

[0004] The detection of the presence or absence of gene 
activity and/or the determination of the amount of gene 
activity Was once dependent on dif?cult and labor intensive 
procedures such as Northern hybridiZation, and later quan 
titative PCR (polymerase chain reactions). But neW tech 
niques are available to dramatically increase the number of 
mRNAs that can be assessed, and these methods have been 
adapted to ef?ciently assay a Wide range of biological 
molecules. In particular, scientists have come to rely on 
microfabricated arrays (“microarrays”) of drugs, nucleic 
acids, peptides, etc., each member of the array having a 
distinct chemical, nucleotide, or amino acid sequence for 
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potential binding or detection. Microarrays comprising large 
numbers of oligonucleotide probes are commonly called 
“DNA chips,” and offer great promise for a Wide variety of 
applications. DNA chips have proven useful in generating 
gene expression pro?les for many different biological mate 
rials, such as cells, tissues, viruses, fungi, parasites, micro 
organisms, etc. Cell populations from these sources may be 
made up of cells, Which differ in cell type, tissue type, 
physiological state, disease state, or developmental stage. 

[0005] In addition to differentiating normal and diseased 
cell populations, DNA chips are useful in comparing expres 
sion pro?les for drug-treated and untreated cells. Exemplary 
applications include evaluating the effectiveness of a course 
of treatment in a patient, detecting a history of illicit drug 
use, or for in vitro screening of potential drug candidates for 
treating a disease or physiological condition. 

[0006] A DNA chip is basically a device for hybridiZing a 
single strand region of a nucleic acid probe to a comple 
mentary single strand region of a nucleic acid target, and 
then detecting the bound product. Typically, this involves a 
microarray containing many thousands of unique DNA 
probes ?xed to a solid support, or chip. This support may be 
fabricated from a Wide variety of materials, for example, 
plastics, glass, or silicon derivatives. 

[0007] In practice, a mixture containing nucleic acids 
derived from the cells or tissues of interest is applied to the 
chip such that target nucleic acid molecules Within the 
mixture speci?cally hybridiZe With the bound probes and are 
retained on the chip. Other nucleic acids in the mixture are 
simply Washed aWay. Once separated from the mixture, 
bound target nucleic acids are detected or quanti?ed using 
standard methods. Most commonly, these methods rely on a 
detectable label contained Within the target. 

[0008] One method of marking the target nucleic acids 
With a detectable label employs the polymerase chain reac 
tion (PCR) to incorporate labeled oligonucleotide primers, 
or individual labeled nucleotides, during nucleic acid syn 
thesis. PCR also offers the advantage of exponentially 
increasing the amount of a speci?c nucleic acid target, 
thereby increasing the likelihood of detecting rare nucleic 
acid sequences. HoWever, conventional PCR results in 
double-stranded nucleic acid products, Whereas DNA chip 
technology is based on the binding of complementary 
single-stranded regions on the probe and target. Conse 
quently, the double-stranded products of conventional PCR 
require further processing to generate appropriately single 
strand molecules. Such processing usually involves dena 
turing the entire PCR product into tWo complete, entirely 
complementary single strands using heat, alkali, or other 
chaotropic agents. This strand separation step can be prob 
lematic and inef?cient because the complementary strands 
tend to rapidly rehybridiZe to each other before attaching to 
the microarray. 

[0009] In vieW of the great importance of DNA chip 
technology, a need exists for improved methods for gener 
ating PCR products that can be readily hybridiZed to a DNA 
microarray Without requiring a strand separation step. 



US 2002/0127575 A1 

BRIEF DESCRIPTION OF THE FIGURES 

[0010] FIG. 1 illustrates hoW the deoXyuracil-containing 
primer could be used to generate ?uorescently labeled, 
sequence-speci?c amplicons through RT-PCR (reverse tran 
scriptase-polymerase chain reaction) ampli?cation. 
[0011] FIG. 2 illustrates hoW UNG-treated amplicons can 
be captured by a probe attached to a microarray surface. 

[0012] FIG. 3 illustrates hoW a FloW-Thru ChipTM can 
capture an UNG-treated amplicon. 

[0013] FIG. 4 illustrates hoW a universal indeX chip can be 
used to detect different target nucleic acids. 

[0014] FIG. 5 details the structure and composition of a 
representative primers and probes, including degradeable 
deoXyuracil-containing oligonucleotide primers. 
[0015] FIG. 6 illustrates the production of a single 
stranded overhang region in PCR amplicon by degradation 
of a deoXyuracil-containing primer by UNG and base via a 
gel shift assay. 

[0016] FIG. 7 illustrates multipleX PCR preparation of 
multiple single-stranded overhang containing amplicons of 
various length by degradation of a deoXyuracil-containing 
primer by UNG and base via a siZing gel. 

[0017] FIG. 8 depicts the level of eXpression of tWelve 
target nucleic acids from tWo different cell populations, 
tamoxifen-treated cells and estradiol-treated cells, compared 
to a control cell. 

SUMMARY OF THE INVENTION 

[0018] The present invention relates to: 1) labile (modi? 
able) oligonucleotide primers for DNA polymerases; 2) 
differentially labile polynucleotides generated from such 
primers; and 3) partially double-stranded polynucleotides 
derived from the differentially labile polynucleotides. One 
or more labile moieties provides the lability of the above 
sequences, such as 5-hydroXy-2‘-deoXycytidine, ribonucleic 
acids, or deoXyuracil, incorporated in lieu of standard 
deoXynucleotides (DNAbases), at some or all positions in an 
oligonucleotide primer. 
[0019] The invention further comprises methods for the 
synthesis and use of the above polynucleotides. In an 
eXemplary embodiment, an oligonucleotide primer having 
one or more deoXyuracil bases is used in a polymerase chain 
reaction (“PCR”), or other polymerase reaction, to synthe 
siZe a differentially labile double-stranded molecule. EnZy 
matic digestion of the deoXyuracil aids in generating single 
strand breaks in the end of the double-stranded molecule, to 
thereby fragment the labile primer. These fragments have a 
loWer melting temperature than the remainder of the mol 
ecule and are easily disassociated from it. The resulting 
molecule is, thus, partially double-stranded but has a single 
stranded region generally corresponding to the labile primer. 
The single-stranded region is then available to hybridiZe 
With a complementary target sequence, and may be used to 
bind, detect, or quantify a target molecule, e.g., in a nucleic 
acid microarray. 

[0020] The invention further relates to a universal indeX 
system comprising a primer containing tWo distinct regions, 
a bipartite primer. In one embodiment, the 5‘ region of the 
primer comprises a standard sequence, Which may be a 
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random sequence. This portion of the primer contains at 
least one labile nucleotide. The 3‘ portion of the bipartite 
primer comprises any sequence speci?c for a target nucleic 
acid of interest, for eXample, an mRNA or the nucleic acid 
of a pathogen. Ampli?cation of the target using the bipartite 
primer, folloWed by cleavage of the labile nucleotides, 
provides a partially double-stranded nucleic acid having a 
single-stranded region corresponding to the complement of 
the standard sequence. This molecule can then be hybridiZed 
to a probe comprising the standard sequence. 

[0021] Consequently, a universal test kit or DNA array 
comprising the standard sequence probe af?Xed to a solid 
support may be used to detect or determine any target, 
merely by varying the target-speci?c 3‘ end of the bipartite 
primer. Moreover, the standardiZation afforded by the uni 
versal system alloWs for accurate comparison of target levels 
irrespective of the time or place of the assay. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] In one basic embodiment, modi?ed, partially 
double-stranded polynucleotides containing at least one 
single-stranded region at a terminal end are prepared by: 

[0023] 1. providing at least one primer, P1, containing at 
least one labile nucleotide; 

[0024] 2. combining at least one target nucleic acid 
sequence With P1 to generate a double-stranded polynucle 
otide containing at least one labile nucleotide; 

[0025] 3. eXposing the double-stranded polynucleotide to 
conditions that promote single-strand cleavage of the poly 
nucleotide at the site of the at least one labile nucleotide of 
primer P1; and 
[0026] 4. eXposing the cleaved polynucleotide to condi 
tions that promote the dissociation of the cleaved portions of 
primer P1 from a terminal end. 

[0027] In some embodiments, at least one primer, P1, may 
be used in conjunction With at least one primer, P2, to 
amplify one or more target nucleic acid sequences. P2 
primers optionally contain at least one labile nucleotide. P1, 
P2, or both may contain a detectable label. 

[0028] At least one primer used to make the partially 
double-stranded target nucleic acid may contain a detectable 
label. Adetectable label may also be incorporated elseWhere 
into the partially double-stranded target during, for eXample, 
the ampli?cation reaction. The detectable label may be a 
radioisotope, a chromophore, a ?uorophore, an enZyme, a 
reactive group, or a double-stranded DNA selective reagent. 

[0029] The target nucleic acid to be ampli?ed may be any 
nucleic acid, e.g., RNA, including mRNA, genomic DNA, 
cDNA, plasmid and recombinant DNA and ampli?ed DNA. 
In some embodiments, a multiplicity of target nucleic acids 
is ampli?ed in a reaction. The number of different target 
nucleic acids ampli?ed may range from 2-200, 50-100, or 
200-1000 or more, including any range of integers sub 
sumed Within these ranges. For eXample, a multiplicity of 
primers P1 having different base sequences and/or a multi 
plicity of primers P2 having different base sequences may be 
used to amplify a multiplicity of different target nucleic 
acids in a single reaction. In some embodiments, multiple 
different target nucleic acids may bind to the same primer P1 
and/or primer P2 to generate a multiplicity of different 
amplicons. This may be the result of reduced hybridiZation 
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stringency of a primer, or of differences in the target 
sequences outside of the region bound by a primer. 

[0030] In one embodiment, the labile nucleotide is deoX 
yuridine triphosphate (“dUTP”), Which may be cleaved by 
treatment With uracil N-glycosylase (“UNG”). 

[0031] In another embodiment the labile nucleotide is 
5-hydroXy-2‘-deoXycytidine triphosphate or 5-hydroXy-2‘ 
deoXyuridine triphosphate, Which may be cleaved by treat 
ment With E. coli eXonuclease III or With formamidopyri 
midine DNA N-glycosylase. 

[0032] In another embodiment, the labile nucleotide is a 
photolabile base and is cleaved by treatment With a particu 
lar Wavelength of light. 

[0033] In yet another embodiment, the labile nucleotide is 
a ribonucleotide and is cleaved by treatment With Rnase H. 

[0034] In some embodiments, the labile nucleotide is a 
chemically linked base and is cleaved by treatment With a 
chemical that only cleaves at the site of the labile nucleotide. 

[0035] The invention further encompasses a process for 
generating partially double stranded target nucleic acids 
containing at least one single-stranded region at a terminal 
end of the molecule. One embodiment of this process 
comprises: 

[0036] 1. preparing a ?rst primer, P1, comprising at least 
one labile nucleotide, Wherein P1 optionally contains a 
detectable label; 

[0037] 2. preparing a second primer, P2, Wherein P2 may 
optionally contain at least one labile nucleotide and/or a 
detectable label; 

[0038] 3. amplifying the target nucleic acid With P1 and P2 
generating a double stranded amplicon; 

[0039] 4. eXposing the ampli?ed target nucleic acid to 
conditions that promote cleavage of at least one labile 
nucleotide to generate at least one partially double-stranded 
target nucleic acid containing at least one single-stranded 
region at a terminal end. 

[0040] According to another aspect of the invention, there 
is provided a method for detecting the presence or deter 
mining the amount of a partially double-stranded target 
nucleic acid prepared according to the process just described 
comprising hybridiZing the partially double-stranded target 
to a set of nucleic acid probes. This set of nucleic acid probes 
may be attached to a solid support. In one embodiment, the 
nucleic acid probes comprise a nucleic acid microarray. 

[0041] According to another aspect of the invention, there 
is provided a method for detecting the presence or deter 
mining the amount of at least one target nucleic acid 
sequence in a ?rst sample of biological material relative to 
the same target nucleic acid sequence(s) in a second sample 
of biological material comprising: 

[0042] 1. preparing at least one partially double-stranded 
polynucleotide containing a target nucleic acid sequence and 
at least one single-stranded region at a terminal end for each 
target nucleic acid sequence from the ?rst sample of bio 
logical material and from the second sample of biological 
material according to the process described above; 
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[0043] 2. hybridiZing the partially double-stranded poly 
nucleotide from the ?rst sample to a ?rst set of nucleic acid 
probes and hybridiZing the partially double-stranded poly 
nucleotides from the second sample to a second set of 
nucleic acid probes; 

[0044] 3. detecting or determining the presence or amount 
of the partially double-stranded polynucleotide(s) from the 
?rst sample of biological material relative to the partially 
double-stranded polynucleotide(s) from the second sample 
of biological material. 

[0045] In one embodiment, the ?rst sample of biological 
material comprises one or more cells, a cell lysate, or 
subcellular fraction, and the second sample of biological 
material also comprises one or more cells, a cell lysate, or 
subcellular fraction, Wherein the ?rst and second sample 
may differ in, e.g., cell type, tissue type, physiological state, 
disease state, radiological, or biological treatment, or devel 
opmental stage. For eXample, the ?rst sample may be chosen 
from a cancerous cell population of a particular cell type, 
and the second sample may be a reference cell chosen from 
the same cell type as the cancerous cell population. This 
reference cell may be a normal cell type, a cell chosen from 
a particular stage of cancer, or any cell type that can serve 
as a reference for comparison for the ?rst sample. 

[0046] In another embodiment, the primers used to 
amplify the partially double-stranded target nucleic acid 
from the ?rst sample may be the same or different from the 
primers used to amplify the partially double-stranded target 
nucleic acid from the second sample. If the primers are 
different, they are still designed to amplify the same target 
nucleic acid. 

[0047] In another embodiment, the second primer, P2, 
used to amplify the target nucleic acid may be labeled. When 
amplifying target nucleic acids from a ?rst sample and a 
second sample, the label in the P2, Which is used to amplify 
the target nucleic acid of the ?rst sample, may be different 
from the label used in the other primer P2, Which is used to 
amplify the target nucleic acid of the second sample. This 
Would also alloW one to determine the amount of the target 
nucleic acid from the ?rst sample relative to the amount of 
the target nucleic acid from the second sample on the same 
solid support by comparing the signal of the ?rst label 
relative to the second label. 

[0048] In another embodiment, the ?rst set of nucleic acid 
probes may be composed of the same nucleic acid probes as 
the second set. Both sets of nucleic acid probes may be 
attached to a solid support and may comprise a DNA 
microarray. The solid support may be chosen from capillary 
tubes, beads, slides, sheets, pins, microtiter plates, silicon, 
porous silicon porous metal oxide, plastic, polycarbonate, 
polystyrene, cellulose, glass, TEFLON(®), polystyrene 
divinyl benZene, aluminum, steel, iron, copper, nickel, sil 
ver, and gold. 

[0049] According to another aspect of the invention, there 
is provided a double-stranded polynucleotide comprising 
three regions, Wherein: 

[0050] 1. the ?rst region comprises a single-stranded 
region of at least 8 nucleotides, Wherein the single-stranded 
region is generated by: 

[0051] a) preparing a ?rst primer, P1, comprising at 
least one labile (modi?able) nucleotide, Wherein the 
?rst primer optionally contains a detectable label; 
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[0052] b) preparing a second primer, P2, comprising 
a sequence that is speci?c for a target nucleic acid 
sequence and optionally contains a detectable label 
and/or at least one labile nucleotide; 

[0053] c) amplifying the target nucleic acid sequence 
With P1 and P2 generating a double stranded ampli 
con containing at least one labile nucleotide; 

[0054] d) eXposing the double-stranded amplicon to 
conditions that promote single-strand cleavage of the 
amplicon at the site of at least one labile nucleotide; 
and 

[0055] e) exposing the cleaved amplicon to condi 
tions Which promote the dissociation of the cleaved 
portions from the ?rst region; and 

[0056] 2. the second region comprises the sequence of the 
double-stranded amplicon betWeen the ?rst region and a 
third region; and 

[0057] 3. the third region comprises the sequence of the 
double-stranded amplicon comprising P2 and the comple 
mentary sequence to P2. 

[0058] In one embodiment, P2 contains a detectable label, 
Which is subsequently incorporated into the third region. In 
another embodiment a label is incorporated into P1 3‘ to any 
labile nucleotide. In a third embodiment, a detectable label 
is incorporated into the second region. 

[0059] In another embodiment, the single-stranded region 
may be 10-50 nucleotides or more in length, or any integer 
value subsumed Within that range. 

[0060] In another aspect of the invention, there is provided 
a method for generating a partially double-stranded poly 
nucleotide containing at least one single-stranded indeX 
sequence at a terminal end comprising: 

[0061] preparing a ?rst primer, Pa, comprising tWo 
regions: 

[0062] a) a ?rst region comprising a ?rst indeX 
sequence containing at least one labile nucleotide 
Wherein, the ?rst region is not complementary to 
a target nucleic acid sequence; and 

[0063] b) a second region that is speci?c for the 
target nucleic acid sequence; 

[0064] preparing a second primer, Pb, comprising a 
sequence that is speci?c for the target nucleic acid 
sequence and optionally contains a detectable label 
and/or a second indeX sequence, Wherein the 

[0065] second indeX sequence may be the same or 
different from the ?rst indeX sequence of the ?rst 
region of the ?rst primer; 

[0066] amplifying the target nucleic acid sequence 
With Pa and Pb generating a double-stranded ampli 
con; 

[0067] eXposing the amplicon to conditions that pro 
mote single-stranded cleavage of the amplicon at the 
site of the labile nucleotide(s); 
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[0068] eXposing the cleaved amplicon to conditions 
that promote the dissociation of the cleaved portions 
of the indeX region(s) of the primer(s) containing the 
labile nucleotide to generate a single-stranded region 
at the terminal end. 

[0069] In yet another embodiment, the double-stranded 
amplicon is labeled. The primers may contain the label, label 
may be added during ampli?cation, or the label may be 
added after cleavage of the double-stranded amplicon. If the 
double-stranded amplicon contains an indeX sequence at 
each end, a label may be added by hybridiZing a nucleic acid 
complementary to the single-stranded indeX sequence, 
Wherein the complementary nucleic acid contains a label. 
The complementary indeX sequence may also be enZymati 
cally eXtended to incorporate at least one detectable label. 
The folloWing may be used to label the target nucleic acid: 
a radioisotope, a chromophore, a ?uorophore, an enZyme, an 
antigen, a reactive group, or a double-stranded DNA selec 
tive reagent. 

[0070] Another aspect of the invention provides a method 
for determining the presence of a target nucleic acid in a ?rst 
sample of biological material relative to a second sample of 
biological material comprising: 
[0071] 1. preparing a partially double-stranded target 
nucleic acid containing at least one single-stranded indeX 
sequence at a terminal end from the ?rst sample of biological 
material and preparing a partially double-stranded target 
nucleic acid containing at least one single-stranded indeX 
sequence at a terminal end from the second sample of 
biological material according to the method just described; 

[0072] 2. hybridiZing the single-stranded indeX sequence 
of the target nucleic acid from the ?rst sample of biological 
material to a complementary single-stranded indeX sequence 
bound to a ?rst solid support, Wherein the solid support 
comprises at least one single-stranded indeX region; 

[0073] 3. hybridiZing the single-stranded indeX sequence 
of the target nucleic acid from the second sample of bio 
logical material to a complementary single-stranded indeX 
sequence bound to a second solid support, Wherein the 
second solid support comprises the same single-stranded 
indeX regions as the ?rst solid support; 

[0074] 4. detecting or determining the presence or amount 
of target nucleic acid from the ?rst sample of biological 
material relative to the presence or amount of target nucleic 
acid from the second sample of biological material. 

[0075] In yet another embodiment, more than one target 
nucleic acid is ampli?ed from the ?rst sample of biological 
material and second sample of biological material, Wherein 
each target nucleic acid contains a different indeX sequence. 
The solid support may comprise one or multiple single 
stranded indeX regions, for eXample, 2-200, 50-100, 200 
1000 or more indeX regions, or any integer value subsumed 
Within these ranges. 

[0076] In any embodiment in Which tWo primers, e.g., P1 
and P2 or Pa and Pb, are used to amplify a target nucleic 
acid, these primers may be used simultaneously or sequen 
tially. 

DEFINITIONS 

[0077] “Target nucleic acids” or “target nucleic acid 
sequences” both refer to nucleic acid sequences to be 
detected, With or Without ampli?cation. These include the 
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original nucleic acid sequence to be ampli?ed, the comple 
mentary second strand of the original nucleic acid sequence 
to be ampli?ed, and either strand of a copy of the original 
sequence Which is produced by the ampli?cation reaction. 
These copies serve as ampli?able targets by virtue of the fact 
that they contain copies of the sequence to Which the 
ampli?cation primers hybridiZe. 
[0078] A“labile ” or “modi?able” nucleotide is any nucle 
otide that can be differentially altered With respect to other 
nucleotides in a polynucleotide such that the polynucleotide 
becomes susceptible to single-strand cleavage at that site. In 
some embodiments, the modi?cation process and cleavage 
occur Within the same step. In other embodiments, modi? 
cation and cleavage may comprise separate steps. 

[0079] The term “amplicon” refers to the product of the 
ampli?cation reaction generated through the extension of 
either or both of a pair of oligonucleotide primers. Ampli 
cons may comprise exponentially ampli?ed nucleic acids if 
both primers utiliZed hybridiZe to a target sequence. 

[0080] The term “array” refers to a tWo-dimensional spa 
tial grouping or an arrangement. 

[0081] The term “microarray” refers to an array of distinct 
polynucleotides or oligonucleotides synthesiZed on a sub 
strate, such as paper, nylon or other type of membrane, ?lter, 
chip, glass slide, or any other suitable solid support. 

[0082] A “primer” is a nucleotide sequence used for 
ampli?cation of a target sequence by extension of the primer 
after hybridization to the target. The primer is comprised of 
at least tWo deoxyribonucleotides or ribonucleotides, pref 
erably at least 5 nucleotides, at least 10 to 15 nucleotides, at 
least 15 to 30 nucleotides, at least 30-50 or more nucleotides, 
or any integer value Within these ranges. The exact siZe Will 
depend on many factors, Which in turn depends on the 
ultimate function or use of the primer. The primer may be 
generated in any manner, including, e.g., chemical synthesis. 

[0083] “Hybridization” refers to any process by Which a 
strand comprising a polynucleotide binds With a comple 
mentary strand through base pairing. 

[0084] The term “complementary” refers to the natural 
binding of polynucleotides under permissive salt and tem 
perature conditions by base pairing. For example, the 
sequence “A-G-T” binds to the complementary sequence 
“T-C-A.” This is of particular relevance in ampli?cation 
reactions, Which depend upon binding betWeen nucleic acids 
strands. 

[0085] The terms “stringent conditions” or “stringency”, 
as used herein, refer to the conditions for hybridiZation as 
de?ned by the nucleotide sequence, salt concentration, and 
temperature. These conditions are Well knoWn in the art and 
may be altered in order to identify or detect identical or 
related polynucleotide sequences. Numerous equivalent 
conditions comprising either loW or high stringency depend 
on factors such as the length and nature of the sequence 
(DNA, RNA, base composition), nature of the target (DNA, 
RNA, base composition), milieu (in solution or immobiliZed 
on a solid support), concentration of salts and other com 
ponents (e.g., formamide, dextran sulfate and/or polyethyl 
ene glycol), and temperature of the reactions (Within a range 
from about 5° C. beloW the melting temperature of the probe 
to about 20° C. to 25° C. beloW the melting temperature). 
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One or more factors be may be varied to generate conditions 
of either loW or high stringency different from, but equiva 
lent to, the above listed conditions. 

[0086] “Ampli?cation,” as used herein, relates to the pro 
duction of at least one copy of a nucleic acid sequence or its 
complement. Ampli?cation is generally carried out using, 
e.g., polymerase chain reaction (PCR) or reverse tran 
scriptase-polymerase chain reaction (RT-PCR) technologies, 
Which are Well knoWn in the art. (See, e.g., Dieffenbach, C. 
W. and G. S. Dveksler (1995) PCR Primer, a Laboratory 
Manual, Cold Spring Harbor Press, Plainview, NY, pp. 
1-5 Nevertheless, as used herein, ampli?cation further 
comprises any primed nucleic acid synthesis reaction, 
including, but not limited those mediated by viral, prokary 
otic, eukaryotic DNA polymerases, RNA polymerases, and 
reverse transcriptases. 

[0087] “Index” or “universal index” sequence refers to a 
sequence that serves as a reference or standard sequence. 
This index sequence is incorporated into the 5‘ portion of a 
bipartite primer, Which is designed to amplify a speci?c 
target nucleic acid, but does not speci?cally hybridiZe to the 
target nucleic acid in the context of the bipartite primer. The 
index sequence, or index region, of a bipartite primer also 
contains at least one labile nucleotide for generating a 
single-stranded region at the terminal end of the double 
stranded target nucleic acid. An index sequence may also 
comprise a nucleic acid probe to bind the single-strand 
region generated at the terminal end of the double-stranded 
target nucleic acid. The index region probe may be identical, 
shorter, longer, or otherWise degenerate from the index 
region of a corresponding bipartite primer, but must contain 
suf?ciently complementary sequence to speci?cally bind to 
the single-stranded region at the terminal end of the double 
stranded target nucleic acid. In some embodiments the index 
region probe is itself bound to a solid support, Which may 
comprise a universal index chip. 

[0088] As referred to herein, an “amplicon” is a polynucle 
otide, hoWever, a polynucleotide is not necessarily an ampli 
con Within the context of the invention. 

[0089] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the meaning commonly under 
stood by a person skilled in the art to Which this invention 
belongs. The folloWing references provide one of skill With 
a general de?nition of many of the terms used in this 
invention: Singleton et al., Dictionary of Microbiology and 
Molecular Biology (2d ed. 1994); The Cambridge Dictio 
nary of Science and Technology (Walker ed., 1988); and 
Hale & Marham, The Harper Collins Dictionary of Biology 
(1991). In addition, the practice of the present invention Will 
employ, unless otherWise indicated, conventional techniques 
of molecular biology and recombinant DNA technology 
Which are Within the skill of the art. Such techniques are 
explained fully in the literature. See, e.g., Sambrook, Fritsch 
& Maniatis, Molecular Cloning: A Laboratory Manual, 
Second Edition (1989). 

[0090] It is noted that, as used in the speci?cation and the 
appended claims, the singular forms “a,”“an,” and “the” 
include plural referents unless the context clearly dictates 
otherWise. Thus, for example, reference to “a DN ” or “a 
target nucleic acid” may include tWo or more such moieties, 
and the like. 
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DETAILED EMBODIMENTS 

A. Process For Preparing a Double-Stranded 
Amplicon Containing a Single-Stranded Region 

[0091] A process is provided for preparing at least one 
partially double-stranded target nucleic acid containing at 
least one single-stranded region at the terminal end. The ?rst 
primer, P1, comprises at least one labile nucleotide and 
optionally contains a label. The frequency of labile nucle 
otides in P1 may be, e.g., about every 3 to 10 bases or every 
4 to 5 bases. This ensures that the fragments generated after 
cleavage Will not readily rehybridiZe to the single-stranded 
region that is generated by the cleavage. In addition, P1 may 
contain a labile nucleotide at its 3‘ most end, so that all of the 
primer may be removed upon cleavage and dissociation. The 
incorporation of the labile nucleotide into the primer may be 
achieved by including a suitable labile nucleotide in the 
synthesis reaction mixture for conventional oligonucleotide 
synthesis. There are many methods for generating oligo 
nucleotide primers, including automated methods. 

[0092] The second primer, P2, may contain a detectable 
label or the detectable label may be incorporated into the 
double-stranded amplicon during ampli?cation. The second 
primer optionally may contain labile nucleotide(s). 

[0093] (1) PCR REACTION 

[0094] The ?rst and second primers, P1 and P2, may be 
used in a PCR reaction to generate the double-stranded 
amplicon from the target nucleic acid containing at least one 
labile nucleotide. P1 and P2 may be used simultaneously or 
sequentially as demonstrated in FIG. 1. This ampli?cation 
reaction is carried out under typical PCR conditions. For 
example, Applied Biosystems (Foster City, Calif.) provides 
a kit for RT-PCR utiliZing the reverse transcriptase of 
T hermus therm0philus(rTth DNA polymerase) to amplify 
the target nucleic acid. In addition to the polymerase, the 
reaction mixture includes dTTP, dATP, dCTP, and dGTP, 
buffer, manganese, the chosen primers, and a sample con 
taining the target nucleic acid to be ampli?ed. A sample 
containing a target mRNA is contacted With P1 under 
annealing conditions in the presence of a reverse tran 
scriptase and other reagents necessary for primer extension. 
These other reagents may include, but are not limited to, 
dNTPs, buffering agents, cationic sources such as KCI 
andMgC12, Rnase inhibitor(s) and sulfhydryl reagents such 
as dithiothreitol. A variety of enZymes, usually DNA poly 
merases, possessing reverse transcriptase activity can be 
used for the primer extension reaction. Examples of suitable 
DNA polymerases include DNA polymerases derived from 
organisms such as thermophilic bacteria and archaebacteria, 
retroviruses, yeasts, insects, primates, and rodents. Prefer 
ably, the DNA polymerase is chosen from Moloney murine 
leukemia virus (M-MLV), M-MLV reverse transcriptase 
lacking Rnase H activity, human T-cell leukemia virus type 
1 (HTLV-1), bovine leukemia virus (BLV), Rous sarcoma 
virus (RSV), human immunode?ciency virus (HIV) and 
T hermus aquaticus(Taq) or T hermus therm0philus(Tth), 
avian reverse transcriptase, and the like. Suitable DNA 
polymerases possessing reverse transcriptase activity may 
be isolated from an organism, obtained commercially or 
obtained from cells Which express high levels of cloned 
genes encoding the polymerases by methods knoWn to those 
of skill in the art, Where the particular manner of obtaining 
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the polymerase Will be chosen based primarily on factors 
such as convenience, cost, availability, and the like. 

[0095] The order in Which the reagents are combined may 
be modi?ed as desired. One protocol that may be used 
involves the combination of all reagents except for the 
reverse transcriptase on ice, then adding the reverse tran 
scriptase and mixing at around 4° C. Ampli?cation may 
involve, e.g., a 2 min. initial annealing step at 50° C., 
folloWed by a 30 minute extension step at 60° C., and a 5 
minute deactivation step at 95° C., folloWed by 40 cycles of 
20 sec. denaturation at 94° C. and 1 minute annealing/ 
extending at 62° C. The ampli?cation reaction is then cooled 
to 4° C. The temperatures and times may be adjusted for 
optimiZation for each primer set. 

[0096] (ii) Labile-Nucleotides and Cleavage Reaction. 

[0097] FolloWing ampli?cation the double-stranded 
amplicon is exposed to a reagent that promotes single 
stranded cleavage of the amplicon at the site(s) of the labile 
nucleotide. The cleaved target nucleic acid is then exposed 
to conditions that promote the dissociation of the cleaved 
portions of the primer to generate at least one partially 
double-stranded target nucleic acid containing at least one 
single-stranded region at the terminal end. 

[0098] Variations can be made as to the choice of labile 
nucleotide to be incorporated into the primer, Which is used 
to generate the single-stranded portion of the PCR-generated 
double-stranded amplicon, as Well as the means to subse 
quently remove the cleaved portions of the primer. The 
choice of labile nucleotide may include, but is not limited to, 
the folloWing: (1) RNA bases removed With RNase H, (2) 
photolabile bases such that cleavage occurs by photolysis, 
(3) chemically labile linked bases such that cleavage occurs 
by chemical lysis, (4) primers that contain nucleotides 
subject to exonuclease activity, but also contain at least one 
base resistant to such cleavage, e.g., phosphothioate bases, 
(5) pH sensitive bases, (6) thermolabile bases, etc. The labile 
nucleotide may also be a substrate for a base-removing 
enZyme, such that When the labile nucleotide is treated With 
the enZyme, the incorporated labile nucleotide is removed, 
generating an abasic site. These abasic sites are subject to 
cleavage by high temperature or basic pH. 

[0099] It is Well knoWn to the skilled artisan that there are 
many suitable labile nucleotides for the practice of the 
present invention. One embodiment utiliZes dUTP as the 
labile nucleotide, Which may be cleaved by the base-remov 
ing enZyme uridine-N-glycosylase (UNG). Treatment of 
DNA containing uracil bases (dU) With a uracil DNA 
glycosylase results in cleavage of the glycosidic bond 
betWeen the deoxyribose of the DNA sugar-phosphate back 
bone and the uracil base. The loss of uracil creates an 
apyrimidinic site in the DNA (Schaaper, R. et al., Proc. Nat. 
Acad. Sci. USA 80:487 (1983)). The DNA sugar-phosphate 
backbone that remains after UNG cleavage of the glycosidic 
bond can then be cleaved by endonuclease IV, alkaline 
hydrolysis, high temperature, and the like. 

[0100] When UNG is used to cleave a deoxyuracil-con 
taining oligonucleotide primer, the amount of enZyme used 
should be suf?cient to completely cleave at all dU sites in a 
reasonable amount of time. For example, 0.5 to 5 units of 
UNG/100 pl of PCR reaction mixture, preferably 1 to 2 
units, is incubated for about 30 minutes at from about 30° C. 
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to about 45° C., preferably at 37° C. The UNG enzyme is 
inactivated above about 65° C., such that incubating the 
reaction mixture for about 10 minutes above this tempera 
ture, for example at about 95° C. for 10 minutes, Will 
substantially inactivate the enZyme. 

[0101] When alkaline conditions are to be used to cleave 
the resulting abasic sites generated by the UNG, approxi 
mately 0.1 volume of 0.1N NaOH (pH of approximately 
10-12) is added per 100 pl of reaction mixture and incubated 
at about 37° C. for 10 minutes. This reaction is neutraliZed 
With an equivalent amount of 0.1N HCI acid. 

[0102] (iii) Labels For Detection 

[0103] According to a preferred embodiment of the inven 
tion, the target nucleic acid may be labeled by at least one 
method for labeling With a marker for easy detection. As 
used herein, the terms “label” or “labeled” refer to incor 
poration of a detectable marker, e.g., by incorporation of a 
radioactively or non-radioactively labeled nucleotide. These 
methods of labeling nucleic acid molecules are Well knoWn 
in the art. Labeling may be achieved by incorporating a 
marker-labeled nucleotide into the PCR product or by incor 
porating a labeled nucleotide into at least one primer. The 
folloWing are examples of labels, but are not meant to be an 
exhaustive representation of the detectable labels that may 
be used With the present invention. 

[0104] Examples of radiolabels include, but are not lim 
ited to, 32F, 3H, 14c, of 35s. 

[0105] A large number of convenient and sensitive non 
isotopic markers are also available. In general, all of the 
non-isotopic methods of detecting hybridiZation probes that 
are currently available depend on some type of derivatiZa 
tion of the nucleotides to alloW for detection, Whether 
through antibody binding, or enZymatic processing, or 
through the ?uorescence or chemiluminescence of an 
attached label molecule. The double-stranded amplicon 
labeled With non-radioactive labels incorporates single or 
multiple molecules of the “labeled” nucleotide, generally at 
speci?c cyclic or exocyclic positions. 

[0106] Techniques for attaching non-radioactive groups 
have largely relied upon (a) functionaliZation of 5‘ or 3‘ 
termini of the monomeric nucleosides by numerous chemi 
cal reactions (see Cardullo et al., Proc. Nat’l. Acad. Sci. 85: 
8790-8794 (1988)); (b) synthesiZing modi?ed nucleosides 
containing protected reactive groups, such as NHZ) SH, 
CHO, or COOH, (ii) activatable monofunctional linkers, 
such as NHS esters, aldehydes, or hydraZides, (iii) affinity 
binding groups, such as biotin, attached to either the het 
erocyclic base or the furanose moiety, or (iv) the incorpo 
ration of electrochemiluminescent labels such as described 
by Gudibande et al., Mol. Cell Probes 6(6):495-503 (1992). 

[0107] According to one embodiment of the invention, the 
labeled nucleotide(s) are labeled With ?uorophores. 
Examples of ?uorophores include ?uorescein and deriva 
tives (i.e., isothiocyanate), dansyl chloride, phycoerythrin, 
allo-phycocyanin, phycocyanin, rhodamine, TEXAS RED® 
SYBR®-Green (Molecular Probes, Eugene, Oreg.) or other 
proprietary ?uorophores. The ?uorophores are generally 
attached by chemical modi?cation. A ?uorescence detector 
may be used to detect the ?uorophores. The label may also 
include infrared and near infrared dyes. 
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[0108] In another embodiment, the labeled nucleotide can 
alternatively be labeled With a ligand to provide an enZyme 
or af?nity label. For example, a nucleotide may have biotinyl 
moieties that can be detected by labeled avidin or strepta 
vidin (e.g., streptavidin containing a ?uorescent marker or 
enZymatic activity that can be detected by optical or calo 
rimetric methods). The enZyme can be peroxidase, alkaline 
phosphatase or another enZyme giving a chromogenic or 
?uorogenic reaction upon addition of an appropriate sub 
strate. For example, additives such as 5-amino-2,3-dihydro 
1,4-phthalaZinedione (also knoWn as LUMINOL® (Sigma 
Chemical Company, St. Louis, Mo.) and rate enhancers such 
as p-hydroxybiphenyl (also knoWn as p-phenylphenol) 
(Sigma Chemical Company, St. Louis, Mo.) can be used to 
amplify enZymes such as horseradish peroxidase through a 
luminescent reaction; and luminogeneic or ?uorogenic diox 
etane derivatives of enZyme substrates can also be used. 

[0109] The label may also be chosen from a double 
stranded DNA selective reagent, e.g., a triple helix or 
double-stranded DNA intercalating dye. 

[0110] Usually, the labeled nucleic acid comprises a direct 
label, such as a ?uorescent label, radioactive label, or 
enzyme-conjugated label that catalyZes the conversion of a 
chromogenic substrate to a chromophore. One method for 
detecting the labeled nucleic acid may be Fluorescence 
Resonance Energy Transfer (FRET), Wherein label 1 on 
either P1 or P2, is excited at Wavelength 1 and emits a 
detectable signal at Wavelength 2. A second label may be 
attached to the other primer or a polynucleotide that binds to 
any portion of the amplicon, and is excited at Wavelength 2, 
emitting a detectable signal at Wavelength 3. 

[0111] It is also possible, and often desirable for signal 
ampli?cation, for the labeled binding component to be 
detected by at least one additional binding component that 
incorporates a label. Signal ampli?cation can be accom 
plished by layering of reactants Where the reactants are 
polyvalent. 
[0112] (iv) Solid Supports For Binding the Target Nucleic 
Acid 

[0113] The solid supports for use in the present invention 
include, but are not limited to, e.g., glass, silicon, plastics 
such as polycarbonate and polystyrene, porous silicon 
porous metal oxide, cellulose, nitrocellulose, PVDF, nylon, 
TEFLON®, polystyrene divinyl benZene, aluminum, car 
bon, steel, iron, copper, nickel, silver, gold, and other 
substances suitable for attaching a nucleic acid probe. These 
materials may be fabricated into tubes, slides, capillaries, 
microtiter plates, sheets, pins, ?bers, beads, chips, or other 
forms suitable for attaching a nucleic acid probe. 

[0114] The set of nucleic acid probes bound to the solid 
support may comprise a DNA microarray. The set of nucleic 
acid probes may be in the form of discrete spots, each spot 
representing a speci?c gene. These spots may also represent 
a set of index regions (See section C, beloW). 

B. Method For Determining the Presence of a 
Target Nucleic Acid 

[0115] The partially double-stranded target nucleic acid 
containing a single-stranded region may be used as a Way of 
detecting the presence of a modi?ed target nucleic acid by 
hybridiZing the modi?ed double-stranded amplicon contain 
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ing a single-stranded region to a set of nucleic acids probes 
as illustrated in FIG. 2. This set of nucleic acid probes may 
comprise a nucleic acid microarray, e.g., the FloW-Thru 
ChipTM (MetriGeniX, Inc., Gaithersburg, Md). Not only can 
this method be used to detect the presence or absence of a 
particular target nucleic acid, but it can also be used to detect 
the relative amount of a particular target nucleic acid. 

[0116] The method comprises binding a partially double 
stranded target nucleic acid containing a single-stranded 
region to a set of nucleic acid probes, e.g., a DNA microar 
ray, and detecting the presence, absence, or amount of the 
modi?ed target nucleic acid. The target nucleic acid may be 
labeled in some Way in order to detect its presence. 

[0117] According to a preferred embodiment of the inven 
tion, the target nucleic acid may be labeled by at least one 
method for labeling With a marker for easy detection, e.g., by 
incorporation of a radioactively or non-radioactively labeled 
nucleotide. Acceptable labels for detecting these target 
nucleic acids are described in section A(iii) above. The 
nucleic acid probes are preferably bound to a solid support. 
The probes may be in the form of a microarray, e.g., a 
FloW-Thru ChipTM as illustrated in FIG. 3. 

C. Method for Detecting the Relative Amount of a 
Target Nucleic Acid 

[0118] One can detect the relative amount of a target 
nucleic acid by detecting the presence of at least one target 
nucleic acid isolated from a ?rst sample of biological 
material relative to the same target nucleic acid isolated from 
a second sample of biological material. First, at least one 
modi?ed target nucleic acid is prepared from a ?rst sample 
of biological material chosen from a given source. This 
sample of biological material comprises cells that differ 
from the second sample of biological material to be com 
pared, in, e.g., cell type, tissue type, physiological state, 
disease state, developmental stage, or drug treatment. For 
eXample, the ?rst cell may be chosen from a cancerous cell 
population and the second cell may be chosen from a normal 
cell population of the same cell type as the cancerous cell 
population. Alternatively, the ?rst cell population may have 
been treated With a pharmaceutical compound, and the 
second cell population is untreated, serving as a control. The 
results can provide a gene eXpression pro?le useful for in 
assessing the stage, course, or etiology of a disease, or 
developing treatment protocols. This eXpression pro?le may 
indicate, e.g., the absence of a particular transcript, the 
presence of a modi?ed sequence, the overeXpression of a 
particular transcript, or doWn-regulation of a particular tran 
script. The presence and/or amount of the partially double 
stranded target nucleic acid(s) from the ?rst cell is compared 
to the same partially double-stranded target nucleic acid(s) 
from the second cell. 

[0119] The method comprises contacting at least one par 
tially double-stranded target nucleic acid from the ?rst cell 
With a ?rst set of nucleic acid probes and contacting at least 
one partially double-stranded target nucleic acid from the 
second cell With a second set of nucleic acid probes. The 
amount of partially double-stranded target nucleic acid from 
the ?rst cell is compared to the amount of the same partially 
double-stranded target nucleic acid detected in the second 
cell. In one embodiment, the partially double-stranded target 
nucleic acid is synthesiZed using a bipartite primer having a 
standardiZed 5‘ end and detected on a universal indeX chip, 
as described beloW. 
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[0120] Acceptable labels for detecting these target nucleic 
acids are described in section A(iii) above. The nucleic acid 
probes are preferably bound to a solid support. The probes 
may be in the form of a microarray, e.g., a FloW-Thru 
ChipTM. 

D. Target Nucleic Acid Product 

[0121] The double-stranded amplicon used in these meth 
ods comprises a partially double-stranded target nucleic acid 
comprising three regions. The ?rst region comprises a 
single-stranded region of about at least 8 nucleotides or the 
single-stranded region may be at least 10, 20, or more 
nucleotides in length. This single-stranded region is gener 
ated according to the process described in section A above. 
The second region comprises that portion of the double 
stranded amplicon betWeen the ?rst and third regions. The 
third region comprises that portion of the double-stranded 
amplicon comprising P2, and optionally may contain a 
detectable label. 

E. Method For Generating a Target Nucleic Acid 
Containing an IndeX Sequence 

[0122] A method for generating a double-stranded ampli 
con from a target nucleic acid containing at least one 
single-stranded indeX sequence comprises: 

[0123] 1. preparing a bipartite primer, Pa, comprising tWo 
regions: 

[0124] a) a ?rst region comprising an indeX sequence 
and at least one labile nucleotide, Wherein the ?rst 
region is not complementary to the target nucleic 
acid, and 

[0125] b) a second region that is speci?c for the target 
nucleic acid; 

[0126] 2. preparing a second primer, Pb, having a 
sequence speci?c for the target nucleic acid and optionally 
containing a detectable label and/or a second indeX 
sequence, Wherein the optional second indeX sequence may 
be the same or different than the indeX sequence of the ?rst 
region of Pa; 

[0127] 3. amplifying the target nucleic acid With Pa and Pb 
generating a double-stranded amplicon; 

[0128] 4. eXposing the ampli?ed target nucleic acid to 
conditions that promote single-stranded cleavage of the 
amplicon at the site of the labile nucleotide(s); and 

[0129] 5. eXposing the cleaved target nucleic acid to 
conditions that promote the dissociation of the cleaved 
portions of the primer containing the labile nucleotide to 
generate a single-stranded region at the terminal end of the 
target nucleic acid. 

F. Method for Detecting the Presence or Amount of 
a Target Nucleic Acid Using a Universal “Index” 

Chip 

[0130] There is provided a method for determining the 
presence of a target nucleic acid in a ?rst sample of 
biological material relative to a second sample of biological 
material by incorporating the same “index” sequence into 
the same target nucleic acid of the ?rst and second samples 
as illustrated in FIG. 4. Labeled partially double-stranded 
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target nucleic acids from the ?rst and second samples are 
separately hybridized to a probe af?Xed to a solid support 
and comprising sufficient nucleic acid sequence to hybridize 
to the indeX region of the modi?ed target. Detecting or 
determining the signals from the labeled nucleotides and 
correlating these values to the amount of target sequence in 
the ?rst and second samples of biological material measures 
the relative amounts of bound target nucleic acid. 

[0131] Similarly, multiple targets may be simultaneously 
compared by employing multiple bipartite primers each 
having different indeX and target portions. The labeled 
targets synthesiZed using these primers are detected or 
determined by hybridiZation to multiple indeX regions, each 
corresponding to an indeX region of one of the bipartite 
primers. 

[0132] Thus, the presence or amount of a target nucleic 
acid sequence (or sequences) in a ?rst sample of biological 
material relative to the same nucleic acid sequence (or 
sequences) in a second sample of biological material may be 
assayed by: 

[0133] 1. preparing at least one bipartite primer, Pa, com 
prising tWo regions: 

[0134] a) a ?rst region comprising a ?rst indeX 
sequence and at least one labile nucleotide, Wherein 
the ?rst region is not complementary to the target 
nucleic acid sequence, and 

[0135] b) a second region that is complementary to 
the target nucleic acid sequence; 

[0136] 2. preparing a second primer, Pb, having a 
sequence speci?c for the target nucleic acid sequence and 
optionally containing a detectable label and/or a second 
indeX sequence, Wherein the optional second indeX sequence 
may be the same or different than the indeX sequence of the 
?rst region of the Pa; 

[0137] 3. amplifying a speci?c target nucleic acid 
sequence from a ?rst sample of biological material to 
generate a double-stranded amplicon; 

[0138] 4. amplifying a speci?c target nucleic acid 
sequence from a second sample of biological material to 
generate a double-stranded amplicon; 

[0139] 5. eXposing the amplicons to conditions that pro 
mote single-stranded cleavage of the amplicons at the site(s) 
of the labile nucleotides; 

[0140] 6. eXposing the cleaved amplicons to conditions 
that promote the dissociation of the cleaved portions of the 
indeX region of the primer to generate a single-stranded 
region at the terminal end of the target nucleic acids; 

[0141] 7. hybridiZing the single-stranded indeX sequence 
of the double-stranded amplicons from the ?rst sample of 
biological material to a complementary single-stranded 
indeX sequence bound to a ?rst solid support, Wherein the 
solid support may comprise at least one single-stranded 
indeX region; 

[0142] 8. hybridiZing the single-stranded indeX sequence 
of the double-stranded amplicons from the second sample of 
biological material to a complementary single-stranded 
indeX sequence bound to the ?rst solid support or a second 
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solid support, Wherein the second solid support may com 
prise the same single-stranded indeX regions as the ?rst solid 
support; and 

[0143] 9. detecting or determining the amount of double 
stranded amplicon from the ?rst sample of biological mate 
rial relative to the double-stranded amplicon from the sec 
ond sample of biological material. 

[0144] In the above embodiment, if the second primer, Pb, 
also contains an indeX sequence, it may be the same or 
different than the indeX sequence of the ?rst region, and if 
present, must contain at least one labile nucleotide in order 
to generate a single-stranded region. Alternatively, the sec 
ond primer may contain a different nucleic acid sequence 
that does not bind to the target nucleic acid sequence, as long 
as that sequence is not able to bind to the same region of the 
solid support as occupied by the indeX region probe. This 
alternative second sequence can be used to bind, e.g., a 
labeled nucleic acid fragment. 

[0145] These tWo primers, Pa and Pb, are used to amplify 
the target nucleic acid generating a double-stranded ampli 
con, and as described above, a single-stranded region is 
generated upon cleavage of the labile nucleotide and disso 
ciation of the cleaved portions from the target nucleic acid. 
In this instance, the single-stranded region comprises suf? 
cient nucleic acid sequence to bind to an indeX region on the 
solid support. 

[0146] The single-stranded indeX sequence of the double 
stranded amplicons from the ?rst sample of biological 
material may be hybridiZed to a complementary single 
stranded indeX sequence bound to a ?rst solid support. The 
solid support comprises at least one single-stranded indeX 
region. The single-stranded indeX sequence of the double 
stranded amplicons from the second sample of biological 
material bind to a complementary single-stranded indeX 
sequence bound to a second solid support, Wherein the 
second solid support comprises the same single-stranded 
indeX regions as the ?rst solid support. Alternatively, the 
single-stranded indeX sequence of the double-stranded 
amplicons from the second sample of biological material 
may be hybridiZed to complementary single-stranded indeX 
sequence bound to the ?rst solid support. In this instance, the 
label incorporated into the target nucleic acid from the 
second sample must be different from the label incorporated 
into the target nucleic acid from the ?rst sample. 

[0147] The neXt step involves detecting or determining the 
presence/amount of double-stranded amplicon from the ?rst 
sample relative to the double-stranded amplicon from the 
second sample. More than one target nucleic acid may be 
ampli?ed from the ?rst and second samples, Wherein each 
target nucleic acid ampli?ed from the ?rst sample contains 
a different indeX sequence. The same set of target nucleic 
acids Would be ampli?ed from the second sample and Would 
contain the same respective indeX sequences. 

[0148] The solid support used in the detection may com 
prise multiple single-stranded indeX regions, for eXample, 
2-1000 indeX regions, 50-100, 100-500, 500-10,000, or 
more, indeX regions, or any range of integers subsumed 
Within these ranges. The solid support may be a DNA chip 
having multiple indeX regions. 

[0149] Use of an indeX sequence alloWs the construction 
of a universal “index” chip having one or more indeX region 
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probes. Irrespective of the target nucleic acid sequence one 
Wants to detect, the same chip may be used, merely by 
programming the index corresponding to the probe into a 
bipartite primer. For example, Researcher in Laboratory A 
Wishes to study the expression of C-myc in a tumor cell-line. 
Researcher in Laboratory B Wishes to study the develop 
mental regulation of a Xenopus cell. Both laboratories can 
use the same universal “index” chip by incorporating index 
sequence “A” into their speci?c target nucleic acid and 
hybridiZing the target nucleic acid to index region A on the 
universal “index” chip. Each researcher can look at, e.g., 
1000 different expressed sequences, by incorporating a 
different index sequence into each different target nucleic 
acid. It does not matter that the sequences that researcher A 
examines are completely different from the sequences 
researcher B is examining. They may still use the same 
universal “index” chip, because the bipartite primer contains 
the necessary index sequence in combination With the 
sequence speci?c for the desired target nucleic acid. 

G. Drug-Screening Using a Target Nucleic Acid 
Containing a Single-Stranded Region 

[0150] Another aspect of the invention utiliZes the speed 
and sensitivity of analyses of the FloW-Thru ChipTM, Which 
makes high-throughput multiple-gene screening a viable 
possibility. Multiple-gene screening can be used as a tool to 
screen pharmaceutical candidates for both drug efficacy and 
toxicity, either separately or in tandem. In a multiple-gene 
drug-screening assay, the change in expression of several 
gene targets is monitored as a function of drug composition, 
dose, and time. Gene targets are selected on the basis of 
knoWn association With the disease target of the pharma 
ceutical compound or knoWn toxicological side-effects. (See 
Example 4) Parallel analysis of multiple target nucleic acid 
(eg 50-100, 100-500, 500-10,000, or more) should prove 
quite valuable in the determination of viable drug targets 
from a pharmaceutical compound library (Amundson, S. et 
al., Oncogene 18:3666-3672 (1999); Kahn, J., et al., Elec 
trophoresis 20:223-229 (1999)). Effective pharmaceutical 
agents are selected on the basis of their ability to move a 
‘diseased’ gene expression pro?le to a ‘normal’ pro?le; 
Whereas toxic agents are determined When a toxicity gene 
panel pro?le is modi?ed from the ‘normal’ pro?le. 

H. Microbial Detection and Classi?cation using 
Target Nucleic Acids Containing a Single-Stranded 

Region 

[0151] Sensitive detection of microbial agents can be 
attained quickly and easily via PCR of genomic DNA in 
samples. The samples may be of clinical or environmental 
relevance. Microbial agents under study may include, for 
example, strains of Staphylococcus aureus, In?uenza, Myco 
bacterium Tuberculosis. Not only may the presence of one 
of these agents be determined, but the antiobiotic resistance 
of the present agent can be classi?ed as Well. For example, 
in Mycobacterium Tuberculosis there is a strong correlation 
betWeen in-vitro resistance to rifampicin and pyraZinamide 
and mutations in rpoB and pncA, respectively (BroWn, T. J. 
et al., J. Med. Microbiol. 49:651-656 (2000)). 

[0152] Rapid detection and classi?cation could be 
achieved by designing primers for each strain to be tested as 
Well as for genes Which are associated With antibiotic 
resistance. Primers can be designed With the reverse primer 
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including a labile nucleotide and the forWard primer con 
taining a 5‘ biotin. Microrganisms may be detected and 
ampli?ed by ampli?cation of genomic DNA sequences from 
genomic DNA isolates using the PCR method as described 
in Detailed Embodiment A folloWed by hybridiZation of the 
resulting single-stranded overhang-containing amplicons to 
a microarray. In a preferred embodiment, the microarray is 
a FloW-thru ChipTM. HybridiZed single-stranded overhang 
containing amplicon may be detected by staining the chip 
With a streptavidin-horseradish peroxidase conjugate (Pierce 
Endogen, Rockford, Ill.) and developing With TMB liquid 
substrate (Sigma Chemical, St. Louis, Mo.) Which results in 
a purple spot. 

DETAILED EXAMPLES 

[0153] The folloWing Examples are merely illustrative and 
not intended to be limiting in any Way. 

Example 1: 

Sample Preparation 
[0154] A sample containing the target nucleic acid Was 
prepared as folloWs. RNA Was isolated using the RNeasy kit 
(Qiagen, Valencia, Calif.) using the manufacturer’s recom 
mended conditions. This method is suitable for isolating up 
to 100 pg of RNA, Which is the approximate binding limit 
of the RNeasy mini spin column. All buffers mentioned 
beloW are provided With the RNeasy kit. The Buffer RLT 
Was Warmed to dissolve any precipitate, and then [3-mer 
capto-ethanol (“BME”) (10 ul per 1 ml of Buffer RLT) Was 
added before use. Four volumes of 100% EtOH also Was 
added to Buffer RPE before initial use. The sample (lysed 
and digested cells or tissue that is deproteinated and delipi 
dated) Was adjusted to 100 pig/100 ul using RNase-free H2O. 
If the sample Was more than 130 pl, it Was split into tWo 
tubes, and each Was diluted to 100 pl With RNAsecure. 
Samples Were placed into a 1.5 ml tube(s), and 350 pl of 
Buffer RLT Was added, With mixing. Then 250 pl of 100% 
EtOH Was added With mixing by pipetting. The sample 
(approx. 700 pl) Was added to the RNeasy Column, Which 
Was centrifuged (spun) at room temperature for 15 seconds 
at 10,000 rpm. 

[0155] The sample from the collection tube Was reapplied 
to the same column, respun for 15 seconds at 10,000 rpm, 
and transferred to a neW collection tube. 500 pl of Buffer 
RPE Was added and the sample spun at room temperature for 
15 seconds at 10,000 rpm to Wash. An additional 500 pl of 
Buffer RPE Was added to the column and spun at maximum 
speed to dry the membrane Within the column. 

[0156] The column Was transferred to a neW 1.5 ml 
collection tube, and 30 ul of DEPC H2O Was added directly 
onto the membrane. After a 5 minute incubation, the sample 
Was spun for 1 minute at 10,000 rpm to elute. The eluate (30 
M1) was added back to the column and spun again at 10,000 
rpm. The OD of the ?nal eluate Was determined and the ratio 
of absorbance at 260 and 280 nm (“280/260 ratio”) Was 
determined and used to calculate the concentration of RNA 
using standard methods. A total RNA yield of betWeen 0.5 
pig and 5.7 ug Was obtained before proceeding to cDNA 
synthesis either before or after total RNA cleanup. This 
sample Was diluted to 1 mg/ml using DEPC Water. If the 
concentration of the RNA Was too loW, it ?rst Was precipi 
tated using standard methods folloWed by redilution to 1 
mg/ml. 
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[0157] For mRNA preparations, 1-5 pg of poly(A)+RNA 
is used (5 pg being preferred for some applications) for the 
?rst primer extension reaction; for the second strand syn 
thesis, only about 1.5 pg of primer, is added. For total RNA 
(Which contains structural RNA plus mRNA) more starting 
RNA is preferred, e.g. 5-40 pg, typically 25-30 pg, and 1.5 
pg of second strand primer is used. 

Example 2 

UNG Degradation of ForWard Primer 

[0158] The degradation of the dU-containing primer Was 
assessed by performing a gel shift assay. Primers and probes 
Were synthesiZed by standard synthesis procedures. A listing 
of primers and probes is given in FIG. 5. Double stranded 
amplicons Were produced from a forWard dU-containing 
primer and a reverse non-dU containing primer. The primers 
Were incorporated into a double-stranded DNA molecule 
using a thermocycler according to the protocol in Table 1 
and using RNA obtained by methods described in Example 
1. The components used in the PCR ampli?cation reaction 
can be found in Table 1. RT-PCR ampli?cation Was done 
according to the instructions of the thermocycler used, eg 
PERKIN ELMER GeneAmp PCR system. OptimiZation 
guidelines are provided With commercially available RT 
PCR kits to adjust conditions to obtain the highest yield of 
RT-PCR product. FolloWing ampli?cation, samples Were 
cooled to 4° C. 

TABLE 1 

RT-PCR Reaction Components 

Volume Concentration 

Component (,uL) (Final) 

Rnase-free Water 14 — 

5X Buffer 10 1 X 
Manganese Acetate 6 3 mM 
dATP (10 mM) 1.5 300 ,uM 
dGTP (10 mM) 1.5 300 ,uM 
dCTP (10 mM) 1.5 300 ,uM 
arm (10 mM) 1.5 300 ,uM 
Forward Primer (dU) 1 1000 nM 
Reverse Primer 1 1000 nM 
RNA (3 ng/ML) 10 30 ng 
Polymerase 2 0.1 U/ML 

[0159] In the gel shift assay, a probe capable of hybridiZ 
ing to the single stranded overhang regions Was presented to 
amplicon that had been treated under a variety of treatments 
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including UNG and base. A radioisotope labeled (33P) 
aliquot of BC1 Was added to each of 5 tubes With compo 
nents according to Table 2, lines 1-3. The initial mixture, 
lines 1-3, Was incubated at 37° C. for 30 minutes. The 
indicated volume of NaOH Was added per line 4 of Table 2 
and the tube Was incubated at 37° C. for an additional 10 
minutes. The indicated volume of HC1 Was added per line 
5 of Table 2. 

TABLE 2 

Gel Shift Assay Tube Components 

Tube —> 1 2 3 4 5 

Line Component l 

1 BC1 100 100 100 100 100 
pmol pmol pmol pmol pmol 

2 Amplicon 100 100 100 100 100 
pmol pmol pmol pmol pmol 

3 UNG 0 0 1 unit 1 unit 0 
4 0.1 N NaOH 0 0 0 10 ,uL 10 ,uL 
5 0.1 N HCl 0 0 0 10 ,uL 10 ,uL 

[0160] According to the reagent mixtures in the 5 tubes, 
the assay should only shoW a shift in migration of the labeled 
BC1 for tube number 4. An image of the gel shift is given 
in FIG. 6. Bands are visible for tubes 3 and 4; hoWever, the 
intensity of tube 4 is roughly 10 times higher than that of 
tube 3. The gel shift observed suggests that UNG alone is 
insufficient to degrade the labile primer and that the com 
bination of UNG and cleavage, by base in this example or 
temperature, is necessary. 

Example 3 

Generation of Multiplex Samples 

[0161] TWo different target nucleic acids Were chosen for 
modi?cation and ampli?cation. The target nucleic acids 
ampli?ed Were human [3-actin and GAPDH. The [3-actin 
target Was produced from primers (BF1, BR1) that produced 
a 97 base pair amplicon. For GAPDH, a single forWard 
dU-containing primer (GF1) and 4 reverse primers Were 
designed to give double stranded amplicons of 117(GR1), 
123(GR2), 226(GR3), and 442(GR4) base pairs. All of the 
reverse primers included a ?uorescent FAM dye at the 5 ‘ end 
of the sequence. The primers Were incorporated into a 
double-stranded DNA molecule either in singleplex or in 
duplex using a thermocycler according to the folloWing 
protocol. 

TABLE 3 

Multiplex PCR Preparation Components 

Tube/Lane —> 1 2 3 4 5 6 
Volume Volume Volume Volume Volume Volume 

Component (#L) (#L) (,uL) (#L) (#L) (#L) 

Rnase-free Water 14 14 14 14 14 14 
5X Buffer 10 10 10 10 10 10 
Manganese Acetate 10 10 10 10 10 10 
dNTP (N=A,G,C,T @ 10 mM) 2 2 2 2 2 2 
BF1 (50 nM) 1 0 0.5 0.5 0.5 
BR1 (50 nM) 1 0 0 0.5 0.5 0.5 
GF1 (50 nM) 0 1 1 0.5 0.5 0.5 
GR1 (50 nM) 0 1 0 0.5 0 0 














